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(57) ABSTRACT

A widely applicable and low cost module substrate with a
high accuracy, reliability and heat-radiation structure. A light
source includes: a heat radiation substrate; an insulating layer
formed 1n some regions in an upper surface of the substrate; a
wiring layer having wiring patterns, the wiring layer being
arranged on the insulating layer; and a plurality of LED
clements connected to the wiring layer. Moreover, the light
source includes: a heat radiation substrate; an insulating layer
arranged 1n some regions 1n an upper surface ot the substrate;
a wiring layer having wiring patterns, the wiring layer being
arranged on the insulating layer; and LED elements con-
nected to the wiring layer, wherein the insulating layer has
two layers of a resin layer arranged 1n the wiring layer side
and an adhesive layer arranged 1n the heat radiation substrate
side.

20 Claims, 11 Drawing Sheets
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LIGHT SOURCE AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAMEL

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a module substrate in
which an LED chip, which 1s a light emitting element and a
heater element, 1s mounted, and also relates to a liquid crystal
display device and a light source to which this module sub-
strate 1s applied.

2. Description of the Related Art

A chip mount technology includes various types, such as a
tape carrier, a ceramic carrier and a silicon sub-mount, in
which a wiring layer 1s formed on various types of insulating
layers. In this case, although high accuracy and high reliabil-
ity mounting may be provided, the material cost of members
1s often a problem. Moreover, when a high heat radiation
structure 1s required, an insulating layer formed in a heat
radiation base material, such as aluminum, 1s required to have
a high thermal conductivity, which 1s difficult to be handled
by the above-described carriers and the like. For this reason,
as seen 1n a metal core substrate in the prior arts, a modular
structure (module substrate) composed of a wiring layer, an
insulating layer, and a heat radiation substrate 1s employed,
and 1n the mnsulating layer a high thermal conductivity mate-
rial that allows heat radiation 1s used. JP-A-2003-162626
describes a structure, wherein a film substrate, which 1s an
insulating layer, 1s provided on a heat radiation substrate and
on top of this a wiring layer and an LED chip are mounted.

SUMMARY OF THE INVENTION

However, 1n the above-described prior arts, in the manu-
facturing process of the metal core base material, a wiring
layer made of copper foil and an insulating layer are formed
in the whole surface as to conform to the shape of the surface
of the heat radiation base material prior to processing, and the
insulating layer 1s also formed in regions where a wiring
pattern after the processing does not exist. Accordingly, espe-
cially when the dimensions and shapes of the heat radiation
base material used become large, even 11 the finished wiring-
pattern region (area) 1s small, a module substrate should be
used, in which a wiring copper foil layer (wiring layer) and
insulating layer conforming to the heat radiation base mate-
rial are formed. At the same time, the possessing (etching or
the like) to remove the copper fo1l needs to be carried out also
to a wiring copper foil layer that does not require a wiring,
pattern, which leads to cost increase. With an increase in size
of the heat radiation base material, an increase in size of the
ctching equipment or the like 1s also requured for a copper foil
pattern formation processing carried out to a copper-toil clad
wiring layer. Moreover, the metal core substrate 1s processed
from a base material structure that integrates the wiring layer,
insulating layer, and heat radiation base material 1n one flat
surface, and therefore, 1f the surface of the heat radiation base
material 1s formed from different flat surfaces, there 1s a
constraint that the wiring layer and insulating layer may not
be formed on the heat radiation base material. Especially
when a large-sized heat radiation base material (housing) 1s
required 1n a display device, a light source, or the like, there
are many cases having difierent flat surfaces for assembly of
the heat radiation structure, a strength design, and the like, so
that 1t 1s basically difficult to apply the metal core substrate.

The present invention solves the above-described prob-
lems. The object of the present invention i1s to provide a
widely applicable module substrate at low cost while achiev-
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2

ing a high accuracy and high reliability mounting and a high
heat-radiation structure at the same time.

In order to solve the above-described problems, 1n the
present invention, a light source comprises: a heat radiation
substrate; an 1nsulating layer adhered to some regions in an
upper surface of the heat radiation substrate; a wiring layer in
which a plurality of wiring patterns are formed, the wiring
layer being arranged on the insulating layer; and a plurality of
LED elements connected to the wiring layer. Here, the 1nsu-
lating layer 1s separately formed 1n two or more regions in the
upper surface of the heat radiation substrate, and the msulat-
ing layer 1s also formed in the upper surface of the heat
radiation substrate along a wiring pattern of the wiring layer.
Moreover, the msulating layer 1s formed 1n a tape form along
a wiring pattern of the wiring layer, and a plurality of the
insulating layers of a tape form are formed in a part of the
upper surface of the heat radiation substrate.

In the present invention, the wiring layer and the heat
radiation substrate are adhered to the insulating layer, respec-
tively, under different heat-curing conditions. The light
source includes: a first heat-curing step of adhering the wiring
layer to the insulating layer; and a second heat-curing step of
adhering the heat radiation substrate to the insulating layer.
Moreover, 1n the light source, the first heat-curing step 1s a
step of heating the insulating layer from the wiring layer side
and cooling from the heat radiation substrate side. Moreover,
in the light source, the heat radiation substrate has regions of
different substrate thicknesses, and the insulating layer is
formed 1n aregion of the same substrate thickness inthe upper
surface of the heat radiation substrate. Moreover, 1n the light
source, the heat radiation substrate has a heat pipe inside the
substrate, and furthermore the heat pipe 1s provided corre-
sponding to a region 1n which the mnsulating layer 1s formed.

Moreover, 1n the present invention, the light source com-
prises: a heat radiation substrate; an insulating layer arranged
in some regions 1n an upper surface of the heat radiation
substrate; a wiring layer in which a plurality of wiring pat-
terns are formed, the wiring layer being arranged on the
insulating layer; and a plurality of LED elements connected
to the wiring layer, wherein the insulating layer 1s composed
of two layers of a resin layer arranged 1n the wiring layer side
and an adhesive layer arranged 1n the heat radiation substrate
side. Moreover, 1n the light source, the resin layer 1s made of
a thermosetting epoxy resin and the adhesive layer 1s made of
an acrylic pressure sensitive adhesive.

Moreover, a liquid crystal display device comprises: a lig-
uid crystal display panel including a pair of substrates, a pair
of polanizing plates, and a liquid crystal layer sandwiched by
the pair of substrates; and the above-described light source as
a light source for providing light to the liquid crystal display

panel.

Moreover, 1n the present invention, a method of manufac-
turing the light source includes: a first heat-curing step of
adhering an sulating layer to a metal foil layer; a step of
forming a wiring layer by processing the metal foil layer; a
second heat-curing step of adhering the isulating layer to a
heat radiation substrate; and a step of mounting an LED chip
on the wiring layer, wherein the first heat-curing step 1s a step
of heating the insulating layer from the wiring layer side and
cooling from the heat radiation substrate side.

The present invention 1s widely applicable, and 1s effective
in achieving a lower cost due to significant reduction in mate-
rial of members 1n addition to achieving high accuracy, high
reliability, and high heat radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an embodiment of the present invention and
shows a top view.
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FIG. 2 shows a cross sectional view along the A-A line of
FIG. 1.

FI1G. 3 shows a top view of a light source carrier 6.

FIG. 4 shows a cross sectional view along the B-B line of
FIG. 3.

FIG. 5A-a shows a cross sectional view of a manufacturing,

process 1 of a light source carrier 6 and a light source module
substrate 8.

FIG. 5A-b shows a top view of the manufacturing process

1 of the light source carrier 6 and the light source module
substrate 8.

FIG. 3B-a shows a cross sectional view of a manufacturing,

process 2 of the light source carrier 6 and the light source
module substrate 8.

FIG. 5B-b shows a top view of the manufacturing process

2 of the light source carrier 6 and the light source module
substrate 8.

FI1G. 5C-a shows a cross sectional view of a manufacturing
process 3 of the light source carrier 6 and the light source
module substrate 8.

FI1G. 5C-b shows a top view of the manufacturing process
3 of the light source carrier 6 and the light source module
substrate 8.

FI1G. 53D-a shows a cross sectional view of a manufacturing,
process 4 of the light source carrier 6 and the light source
module substrate 8.

FIG. 5D-b shows a top view of the manufacturing process
4 of the light source carrier 6 and the light source module
substrate 8.

FI1G. SE-a shows a cross sectional view of a manufacturing
process 5 of the light source carrier 6 and the light source
module substrate 8.

FIG. 5E-b shows a top view of the manufacturing process
5 of the light source carrier 6 and the light source module
substrate 8.

FI1G. SF-a shows a cross sectional view of a manufacturing,
process 6 of the light source carrier 6 and the light source
module substrate 8.

FIG. SF-b shows a top view of the manufacturing process 6
of the light source carrier 6 and the light source module
substrate 8.

FIG. 6 1s an embodiment of the present invention and
shows a cross sectional view of a modified example of FIG. 2.

FI1G. 7 1s another modified example of FIG. 2 and shows a
cross sectional view.

FIG. 8 1s another modified example of FIG. 2 and shows a
cross sectional view.

FI1G. 9 1s another modified example of FIG. 2 and shows a
cross sectional view.

FIG. 10 1s an embodiment of the present mvention and
shows a cross sectional view of a modified example of FIG. 4.

FIG. 11A-a shows a cross sectional view of a manufactur-
ing process 1 of a light source carrier 44 for providing F1G. 10
and a light source module substrate 47 using the same.

FIG. 11 A-b shows a top view of the manufacturing process
1 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

FI1G. 11B-a shows a cross sectional view of a manufactur-
ing process 2 of the light source carrier 44 for providing FIG.
10 and the light source module substrate 47 using the same.

FIG. 11B-b shows a top view of the manufacturing process
2 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

FI1G. 11C-a shows a cross sectional view of a manufactur-
ing process 3 of the light source carrier 44 for providing FIG.
10 and the light source module substrate 47 using the same.
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FIG. 11C-b shows a top view of the manufacturing process
3 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

FIG. 11D-a shows a cross sectional view of a manufactur-
ing process 4 of the light source carrier 44 for providing FIG.
10 and the light source module substrate 47 using the same.

FIG. 11D-b shows a top view of the manufacturing process
4 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

FIG. 11E-a shows a cross sectional view of a manufactur-
ing process 3 of the light source carrier 44 for providing FIG.
10 and the light source module substrate 47 using the same.

FIG. 11E-b shows a top view of the manufacturing process
5 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

FIG. 11F-a shows a cross sectional view of a manufactur-
ing process 6 of the light source carrier 44 for providing FIG.
10 and the light source module substrate 47 using the same.

FIG. 11F-b shows a top view of the manufacturing process
6 of the light source carrier 44 for providing FIG. 10 and the
light source module substrate 47 using the same.

(L]

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Modes for carrying the present invention will be described
hereinafter.

Embodiment 1

A first embodiment of the present invention 1s described
using FI1G. 1 to FIG. S.

FIG. 1 shows a top view of a light source module in which
LED elements are mounted. A housing 2 1s a large s1zed heat
radiation base material, in which a light source carrier 6 1s
formed. The light source carrier 6 comprises an insulating
layer 5, wiring 4, and an LED chip 3, and is arranged in a
plurality of rows 1n parallel, while being divided 1nto two, 6a
(6a-1,...,6a-n)and 6b (6b-1, . .., 6b-r) across a center line
9. Circuit boards 10a and 1056 for driving the light source
carriers 6a and 65 divided 1nto two are connected to the both
sides of the light source carrier 6. The light source carrier 6
may be formed of one piece instead of being divided into the
right and left sides of the center line 9. In this case, the circuit
boards 10 may be umfied. Moreover, 1n order to meet the
requirements of display devices and light sources, the circuit
board 10 may be arranged 1n the periphery of the upper and
lower sides other than at the both sides of the housing 2
depending on the arrangement structure and drive method of
the light source carrier 6. The details of the light source carrier
are shownin FIG. 3. Four wiring patterns 4 (4-1,4-2, 4-3, 4-4)
formed on the 1nsulating layer S are formed substantially 1n
parallel while connecting a plurality of LED chips 3 (3-1, 3-2,
3-3, 3-4)1n series, with four pieces of RGGB being a base unit
13 of LED chips. A protective resist pattern 1s formed 1n the
surface of the wire 4 and the 1nsulating layer 5 except for the
connecting portion of the LED chip 3.

FIG. 2 shows a cross sectional view of the A-A line of FIG.
1. In order to secure a high heat-radiation structure and the
homogeneity of optical brightness 1n the housing 2 made of
heat radiation base material, such as aluminum, the light
source carrier 6 discretely arranged 1n array at a certain inter-
val a 1s formed to form a light source module substrate 8. In
the surface positioned on the opposite side of the light source
carrier 6 arranged 1n the housing 2, a radiation fin 12 1s
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attached with screws via a thermally conductive sheet or
s1licone grease 1n order to radiate a heat generated 1n the light
source carrier 6.

FIG. 4 shows a cross sectional view of the B-B line of FIG.
3. On top of the housing 2 as the heat radiation base matenal,
there 1s disposed the light source carrier 6 in which the LED
chip 3 1s mounted, and in the surface of the wiring pattern 4
and the insulating layer 5 except for the connecting portion of
the LED chip 3, a protective resist pattern 14 1s formed. This
protective resist pattern 14 secures the msulation reliability
and connection reliability of the connecting portion of the
LED chip 3 and the wiring pattern 4, and at the same time
improves the light extraction efficiency using a material hav-
ing a white retlectivity of 90% or more. The light source
carrier 6 1s adhered to a flat surface of the housing 2 by the
insulating layer 5 which 1s one of the constituent elements.

In the structures shown 1n the above-described FIG. 1 to
FIG. 4, the msulating layer 5 1s not arranged all over the
housing 2, but 1s arranged discretely only 1n regions having,
the LED chip 3 or the wiring 4. This allows for achieving a
wide applicability and a lower cost due to significant reduc-
tion 1n the material of members, 1n addition to achieving high
accuracy, high reliability, and high heat radiation. Next, the
manufacturing steps for achieving such structure are
described using FIG. 5.

FIG. SA to FIG. 5F (FIGS. 5A and 3B, . . ., FIG. SF)
describe the fabrication steps of a LED chip circuit board 15
formed of a wiring composed of the insulating layer and
processed wiring, and also the fabrication steps of the light
source module substrate 8 connected to the housing and hav-
ing LED chips provided thereon. In addition, a and b used 1n
FIG. 5%-a and FIG. 54-b (k=A, B, . . ., F) indicate the cross
sectional view and the top view, respectively.

FIG. 5B shows a copper-clad resin film of a tape form that
integrates a wiring (before processing) 16 made of a wiring
copper foil layer with the msulating layer 3 made of a high
heat-conductive resin. The wiring (before processing) 16 and
the insulating layer 3 are not actual-cured at high temperature,
but are sealingly formed by simply press-adhering. For the
insulating layer 5, a thermosetting epoxy resin containing a
filler, such as alumina oxide, 1s used in order to obtain a high
heat-radiation structure.

In FIG. 5B, the wiring (before processing) 16 of copper-
clad resin film of a tape form undergoes a copper fo1l etching
process, and thereby the wiring pattern 4 1s formed 1n the
insulating layer 5. The wiring pattern 4 takes various forms
and various routing structures depending on the arrangement
of the LED chip 3. In the copper fo1l etching process, in order
to prevent an etching solution from penetrating between the
wiring pattern 4 and the 1nsulating layer 5, the copper-clad
resin film of a tape form 1s actual-cured and adhered to the
insulating layer 5 in advance. At this time, the actual-curing of
the insulating layer 5 1s limited to the vicinity of an interface
in contact with the wiring (before processing) 16, not to the
whole 1nsulating layer S (including both surfaces). On the
other hand, the opposite side surface of the wiring (before
processing) 16 of the insulating layer 5 1s temperature con-
trolled to prevent the curing from advancing, because the
opposite side surface will be adhered individually to the flat
surface ol the housing 2, which 1s the heat radiation base
material, 1n the subsequent step.

In the heating method at this time, a uniform heating 1s
carried out from the good heat-conductive wiring (before
processing) 16 side using a heating j1g and the temperature of
the contacting surface with the insulating layer 5 1s main-
tained within the actual-curing temperature (in the range from
150° C. to 180° C.) for a certain period of time. At the same
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6

time, 1n the opposite side surface of the insulating layer 5, the
temperature rise 1s suppressed so as to prevent the actual-
curing from advancing. Namely, 1n the light source module
substrate having at least a wiring obtained by processing the
wiring (before processing) 16, the insulating layer, and the
heat radiation base material of the housing, the thermosetting
resin layer 1s used as the msulating layer, and 1n the actual-
curing at the first stage, first, only the vicinity of the contact-
ing surface (interface) between the resin layer and the wiring
layer 1s press-cured using a heating means from the wiring
layer side, the heating means being for adhering the resin
layer to the adjacent wiring layer, and a cooling means from
the heat radiation base materal side.

Since the opposite side surface of the wiring (before pro-
cessing) 16 of the insulating layer 5 1s not cured, a thin coating
layer or a covering sheet 1s formed therein 1n advance for
preventing the penetration of an etching solution or damages
in the above-described etching process. In the actual-curing at
the second stage, the resin layer made of the high heat-con-
ductive resin mnsulating layer 5 1s adhered to another adjacent
heat radiation base material side. Although the coating layer
may be removed at the time of actual-curing, a material (ep-
0Xy system resin) capable of being heat-adhered together
with the msulating layer 3 1s used, here.

In this way, the module substrate may be formed by the
process that separates the isulating layer (resin layer), in
which the wiring layer 1s formed, from the heat radiation base
materal by carrying two-stage curing to the resin layer.

In FIG. 5C, the protective resist pattern 14 1s formed so as
to cover the wiring 4, and at the same time, an opening 20 1s
also formed 1n an electrode portion of the wiring 4, to which
the LED chip 3 1s connected. For the material of the protective
resist, an epoxy system resin of a white retlectivity of 90% or
more 1s used to thereby improve the light extraction effi-
ci1ency.

In FIG. 5D, a bump 21 to be connected with an LED chip
1s formed in the electrode portion of the opening 20 by N1/Au
plating. As the quality of the material of the bump, a solder
bump may be used. By controlling the shape and structure of
the bump 21 by means of the opening 20 of the protective
resist pattern 14, the connection reliability between the wir-
ings 4 of LED chips mounted 1n the subsequent step and the
insulation rehiability between the bumps 21 are improved.

A flexible circuit board 15 before an LED chip 1s mounted
1s Tormed by the processes of the above-described FIG. 5A to
FIG. SD. In the conventional manufacturing process of the
metal core substrate, this flexible circuit board 15 1s formed as
the one 1ntegral with an aluminum board (housing) of a heat
radiation base material. However, the above-described pro-
cesses allows the flexible circuit board 15 to be separated
from the heat radiation base material, and allows the flexible
circuit board 13 to be provided as an independent structure.
The insulating layer 5 constituting the tlexible circuit board
15 may be adhered to the heat radiation base material (hous-
ing) in the opposite side surface of the surface, in which the
wiring pattern 1s provided, by the following steps.

In FIG. 5E, the flexible circuit board 15 formed 1n a tape
form 1s discretely arranged on a flat surface of the housing 2
and 1s adhered by a local thermcompression bonding (actual-
curing). That 1s, the actual-curing 1s carried out as follows.
The flexible circuit board 15 obtained 1n FIG. 5D 1s arranged
aligning the surface of the insulating layer 5, 1n which the
wiring 4 1s not formed, with a tlat surface of the housing 2 and
then the insulating layer 3 1s thermcompression bonded by a
roll-type heating j1g substantially aligned with the tape width,
from the direction in which the wiring 4 1s formed. A j1g
structure may be used, which does not compress-bond the
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vicinity of the bump 21 so as not give a thermcompression
bonding damage to the bump 21. Moreover, the heat radiation
base material of the housing 2 may be pre-heated 1n advance
in order to carry out the actual-curing efliciently. The insulat-
ing layer 5 1s adhered to the housing 2 after actual-curing the
whole resin layer of the tlexible circuit board 15.
In FIG. 5F, the LED chip 3 1s mounted and connected. The
light source carrier 6 composed of the LED chip 3, the pro-
tective resist pattern 14, the wiring 4, and the insulating layer
5 1s adhered onto the heat radiation base material of the
housing 2 to thereby form the light source module substrate 8.
In this way, use of the light source carrier 6 of the present
invention in the light source module substrate decreases sig-
nificantly the area ratio which the insulating layer 5, 1n which
the wiring 4 1s formed, accounts for 1n the housing 2, and
thereby achieves a lower cost due to reduction 1n the amount
of used material.

Embodiment 2

A second embodiment of the present invention 1s described

using FIG. 6 to FIG. 9. Each view shows a modified example
corresponding to the cross sectional view along the A-A line
of FIG. 1.
In FIG. 6 and FIG. 7, a heat radiation structure that
increases the housing thickness for improving heat spreading
1s formed 1n flat surface regions of the housing 2, which 1s the
heat radiation base material, the surface regions each being
for forming the light source carrier 6, (the flat surface is
divided into a plurality of area regions excellent 1n heat radia-
tion structure). In FIG. 6, in the surface in which the light
source carrier 6 1s formed, and 1n FIG. 7, 1 the opposite
surface, concavity and convexity are provided in the thickness
of the housing. Similarly, 1n FIG. 8 and FIG. 9, a heat radia-
tion structure using a heat pipe 34 for improving heat spread-
ing and facilitating transferring the amount of heat 1s formed
in flat surface regions of the housing 2, the flat surface regions
cach being for forming the light source carrier 6. This allows
for achieving the suppression of the temperature rise of the
housing and the uniformity of temperature distribution.

As described above, 1n this embodiment, the housing made
ol the heat radiation base material 1s formed from the flat
surfaces of different heights or thicknesses (including three or
more different heights or thicknesses), and each light source
carrier 1s formed on at least one surface among the flat sur-
taces. Moreover, for example, the light source carrier 1s sepa-
rately formed 1n the vicimity of a connecting step portion
between the tlat surfaces of different heights, which flat sur-
faces the housing, which 1s the heat radiation base material,
has.

The processing of such housing 1s facilitated by following
the manufacturing process shown i FIG. 5. That 1s, since in
the process shown 1n the above-described FIG. 5, the housing
1s formed atter the fabrication of the flexible circuit board and
turthermore only some regions of the housing contain the
light source carrier, the processing of the housings shown 1n
FIG. 6 to FIG. 9 may be carried out easily.

Embodiment 3

A third embodiment of the present invention 1s described

using FIG. 10 and FIG. 11.
FIG. 10 shows a modified example of FIG. 4. The differ-

ence from FIG. 4 1s 1n that the insulating layer 3 1n FIG. 4 1s
composed of two layers of a resin layer 41 and an adhesive
layer 42. That 1s, the wiring 4, the LED chip 3, and the like are

tformed above the housing 2 via the resin layer 41 and the
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adhesive layer 42 to thereby constitute a light source module
substrate. The wiring 4 1s provided 1n the surface of the resin
layer 41, which 1s adhered to the housing 2 by the adhesive
layer 42. Other structures are the same as those shown in FIG.
4.

In this embodiment, in place of two-stage curing shown 1n
Embodiments 1 and 2, a double-layer insulating layer com-
posed of the resin layer 41 plus the adhesive layer 42 1s
tformed paying attention to the adhesive function and the like
of the msulating layer. That 1s, the adhesion between the
wiring 4 and the resin layer 41 for obtaining the etching
resistance at the time of forming the wiring 4 1s secured
carrying out actual-curing to the whole resin layer 41 by
thermcompression bonding. For the subsequent adherence
between the resin layer 41 and the housing 2, which is the heat
radiation base material, the function of the insulating layer 1s
separated by newly adding the adhesive layer 42 having the
adhesive function (which 1s required 1n the above-described
two-stage curing). As a result, the insulating layer may be
formed 1n any shape 1n a part of the flat surface other than 1n
the whole flat surface of the housing 2, and 1s separately
formed 1n regions excellent 1n at least the heat radiation
structure of the housing 2 (a reduced thermal resistance
region and the like in the radiation path). For the resin layer
41, a thermosetting epoxy resin 1s used in order to secure the
adhesiveness to the wiring 4 and the 1nsulation reliability 1n
addition to securing the heat radiation. On the other hand, for
the adhesive layer 42, an acrylic pressure sensitive adhesive 1s
used 1n order to secure the adhesiveness between the housing
2, which is the heat radiation base material, and the resin layer
41, 1n addition to securing the heat radiation. For the purpose
of improving the heat radiation, a material contaiming a high
heat-conductive filler 1s used 1n both the resin layer 41 and the
adhesive layer 42, and 1s thinned to 50 um or less 1n thickness,
for example.

In this way, making the insulating layer double-layered
allows for achieving a wide applicability and a lower cost due
to a significant reduction 1n the material of members 1n addi-
tion to achieving high accuracy, high reliability, and high heat
radiation, without carrying out the two-stage curing. Next, the

manufacturing process for achieving the structure of FIG. 10
1s described using FIG. 11.

FIG. 11 (FIG. 11A, FIG. 11B, .. ., FIG. 11F) describe the
manufacturing process of a flexible circuit board of LED
chips, the flexible circuit board being composed of an 1nsu-
lating layer and a processed wiring, and furthermore the
manufacturing process of a light source module substrate
connected to the housing and having LED chips provided
therein. In addition, aand bused in FIG. 11%4-g and FIG. 114-6
(k=A, B, ..., F)indicate the cross sectional view and the top
view, respectively.

FIG. 11 A shows a copper-clad resin film of a tape form, the
copper-clad resin film integrating the wiring (before process-
ing) 16 made of copper foil with the high heat-conductive
resin layer 41. The resin layer 41 that forms a layered struc-
ture together with the wiring (before processing) 16 1s actual-
cured at temperatures 1n the range from 150° C. to 180° C.,
and 1s sealingly formed by thermcompression bonding. For
the resin layer 41, a thermosetting epoxy resin containing a
filler of an excellent thermal conductivity, such as alumina
oxide and silicon nitride, 1s used 1n order to obtain a low
thermal resistance structure.

FIG. 11B shows a base material, in which the wiring (be-
fore processing) 16 of a copper-clad resin film of a tape form
undergoes a copper o1l etching process and thereby a wiring
pattern 1s formed on the high heat-conductive resin layer 41
constituting the msulating layer. The wiring pattern 4 takes
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various forms and various routing structures depending on the
arrangement of the LED chips illustrated in the above-de-
scribed FIG. 10. In the copper fo1l etching process, the cop-
per-clad resin film of a tape form 1s actual-cured, and 1s
adhered to the wiring (before processing) by the high heat-
conductive resin layer 41 1in advance so that an etching solu-
tion may not penetrate between the wiring pattern 4 and the
high heat-conductive resin layer 41.

FIG. 11C shows the base material 1n which the protective
resist pattern 14 1s formed so as to protect the wiring 4. The
opening 20 1s also formed in the electrode portion of the
wiring 4 to which electrode portion the LED chip 3 shown in
the above-described FI1G. 10 1s connected. For the material of
the protective resist, an epoxy system resin of a white reflec-
tivity of 90% or more 1s used to thereby improve the light

extraction efficiency.
FIG. 11D shows the base material, in which the bump 21

for connecting the above-described LED chip 3 shown 1n
FIG. 10 to the electrode portion of the opening 20 by nickel/
Au plating 1s formed. As the quality of the matenal of the
bump, a solder bump may be used. The shape and structure of
the bump 21 are controlled by the opening 20 of the protective
resist pattern 14, thereby improving the connection reliability
between the LED chip 3 mounted in the subsequent step and
the wirings 4 and the msulation reliability between the LED
chip 3 and the bumps 21.

FIG. 11E shows a light source carrier in which the LED
chip 3 1s mounted. The LED chip 3 1s bonded to the wiring 4
by tlip chip mounting at the stage where the insulating layer 1s
formed from one resin layer 41. The LED chip 3 may be
mounted by wire-bonding other than flip chip mounting.
After mounting the LED chip 3, the periphery of the LED chip
3, the periphery including the protective resist pattern 14, 1s
covered with a transparent resin, a white resin, or the like,
thereby improving the optical properties, such as light extrac-
tion etficiency. Then, the adhesive layer 42 and the resin layer
41 are bonded together to constitute a double-layer insulating
layer.

FIG. 11F shows a module substrate in which the light
source carrier 1s mounted to the housing 2, which 1s the heat
radiation base material. The light source carrier of a tape form
having a certain width 1s adhered to a part of the flat surface of
the housing 2 by the insulating adhesive layer 42. Because the
light source carrier may be formed in any shape even in the
case where the housing 2, which 1s the heat radiation base
material, has a large-sized tlat surface or a flat surface with a
step structure, the module substrate 1s formed 1n a required
flat surface region. That 1s, the module substrate does not need
to be considered with respect to the whole flat surface region
of the housing 2, and thus especially in case of a large sized
heat radiation base material, the module members are reduced
significantly.

Embodiment 4

By using the structures of the present invention described
in the Embodiments 1 to 3, various kinds of members fabri-
cated 1n the steps of manufacturing the light source module
substrate may be provided tlexibly, thereby achieving a sig-
nificant lower cost including the simplification of the process-
ing and the processing conditions, the improvement 1n mass
production, and the like.

The providable members may include the followings.

Member 1: Base material of a copper-clad resin film of a
tape form composed of the insulating layer and the wiring

(before processing) 1in FIG. 5 and FIG. 11.
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Member 2: Base material of a tlexible circuit board of LED
chips, the flexible circuit board being made of a wiring after
forming the mnsulating layer and pattern in F1G. 5 and FI1G. 11.

Member 3: Base material of a light source carrier com-
posed of the LED chip, wiring, and isulating layer in FIG. 5
and FIG. 11. An mspection step of LED chips may be
included at this stage.

Member 4: Base material of the light source carrier basi-
cally composed of the LED chip, wiring, resin layer, and
adhesive layer in FI1G. 11. A structure may be added, in which
the periphery of the LED chip, the periphery including the
protective resist pattern, 1s covered with a transparent resin, a
white resin, or the like, thereby improving the optical prop-
erties, such as light extraction efficiency. Moreover, a release
layer may be attached to the adhesive layer.

It should be further understood by those skilled in the art
that although the foregoing description has been made on
embodiments of the invention, the invention 1s not limited
thereto and various changes and modifications may be made

without departing from the spirit of the mvention and the
scope of the appended claims.

The mvention claimed 1s:

1. A light source comprising:

a heat radiation substrate;

an mnsulating layer, including a thermosetting epoxy resin,
formed on an upper surface of the heat radiation sub-
strate;

a wiring layer in which a plurality of wiring patterns are
formed, the wiring layer being arranged on the insulat-
ing layer;

a plurality of LED elements connected to the wiring layer;
and

a protective resist pattern formed on upper surfaces of both
the insulating layer and the wiring layer,

wherein the mnsulating layer 1s arranged on the upper sur-
face of the heat radiation substrate discretely in regions
having an LED element and/or a wiring pattern.

2. The light source according to claim 1, wherein the ther-
mosetting epoxy resin includes a filler of etther aluminum
oxide or silicon nitride.

3. The light source according to claim 1, wherein the 1nsu-
lating layer 1s separately formed 1n two or more regions in the
upper surface of the heat radiation substrate, the heat radia-
tion substrate and the insulating layer being arranged to be
adhered through an adhesive layer that has been formed
between the heat radiation substrate and the msulating layer.

4. The light source according to claim 1, wherein the insu-
lating layer 1s formed 1n the upper surface of the heat radiation
substrate along a wiring pattern of the wiring layer.

5. The light source according to claim 1, wherein the insu-
lating layer 1s formed 1n a tape form along the wiring pattern
of the wiring layer, and wherein a plurality of the insulating
layers of a tape form are formed 1n a part of the upper surface
of the heat radiation substrate.

6. The light source according to claim 1, wherein a radia-
tion fin 1s disposed 1n an opposite side surface of the upper
surtace of the heat radiation substrate.

7. The light source according to claim 1, wherein the heat
radiation substrate includes regions ol two substrate thick-
nesses, wherein the insulating layer, the wiring layer and the
plurality of LED elements are formed in a region of the
greater substrate thickness in the upper surface of the heat
radiation substrate.

8. The light source according to claim 1, wherein the heat
radiation substrate includes a heat pipe inside the substrate.
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9. The light source according to claim 8, wherein the heat
pipe 1s provided on the region of the greater substrate thick-
ness 1n the upper surface of the heat radiation substrate.

10. A liquid crystal display device, comprising:

a liquid crystal display panel comprising a pair of sub-
strates, a pair ol polarnizing plates, and a liquid crystal
layer sandwiched by the pair of substrates; and

the light source according to claim 1 for providing light to
the liquid crystal display panel.

11. The light source according to claim 1, wherein the
insulating layer 1s arranged on the upper surface of the heat
radiation substrate discretely only 1n regions having an LED
clement and/or a wiring pattern.

12. The light source according to claim 1, wherein both the
plurality of LED elements and the wiring layer are connected
through an opening formed 1n the protective resist pattern.

13. The light source according to claim 1, wherein both the
plurality of LED elements are provided on the protective
resist pattern.

14. The light source according to claim 1, wherein the
protective resist pattern formed of an epoxy system resin of a
white retlectivity of at least 90%.

15. The light source according to claim 1, wherein the
wiring layer and the heat radiation substrate are adhered to the
insulating layer, respectively, under different heat-curing
conditions.

16. The light source according to claim 15, wherein the
wiring layer and the heat radiation substrate are adhered to the
insulating layer, respectively, under different heat-curing
conditions.
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17. The light source according to claim 16, wherein the
light source 1s formed by a first heat-curing step of adhering
the wiring layer to the insulating layer, and a second heat-
curing step of adhering the heat radiation substrate to the
insulating layer.

18. The light source according to claim 1, wherein the light
source 1s formed by a first heat-curing step of adhering the
wiring layer to the insulating layer, and a second heat-curing
step of adhering the heat radiation substrate to the insulating
layer.

19. The light source according to claim 18, wherein the first
heat-curing step 1s a step of heating the insulating layer from
the wiring layer side and cooling from the heat radiation
substrate side.

20.The light source according to claim 18, wherein the first
heat-curing step of adhering the wiring layer to the insulating,
layer 1n the light source forming process, further comprises:

a step of actual curing of the insulating layer only limited to

a vicinity of an interface in contact with the wiring
pattern;

a step of thermally controlling an opposite surface of the

wiring pattern of the msulating layer to prevent the cur-
ing from advancing; and

a step of adhering the opposite surface of the wiring pattern
to a housing.
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